Introduction: Precision of movements responsible for maintaining balance deteriorates with age due to natural involutionary processes, thus prompting a research question whether the values of gender-related stability indicators might differ significantly among the study subjects over 60 years of age. Methods: The study group comprised 136 seniors (89 women, 47 men; aged 60-90 years). The CQ-Stab 2P 2-platform posturograph was used as the main research device, whereas the Mann-Whitney U-test was used to evaluate the gender-related differences in the average level of variables.
Introduction
Aging is an irreversible process that progresses at a slower or faster pace during ontogenesis. It is associated with the occurrence of involutionary changes that result in an impaired function of various bodily systems and/or organs. Involutionary processes affect the brain, sensory and internal organs, and the motor system. Issues pertaining to aging, and the underlying mechanisms have long been of interest to numerous investigators. Chen et al 1 demonstrated that extended atherosclerotic changes in the cerebral cortex in elderly persons adversely affected intellectual ability and the speed of thinking. Biskup et al 2 highlight that normal functioning of visual, auditory, tactile, motor, and other analyzers is subject to deterioration and impairment with age.
emphasized that instability, in the absence of adequate compensation, increased the likelihood of sustaining accidental falls. Melton 9 and Francis 10 established that women were more susceptible to falls than men, in line with the findings yielded by the epidemiological studies conducted on the nature of falls sustained by the elderly, that is, women were in fact 3 times more likely to fall, and twice as likely to suffer a fracture. Naessen et al 11 and Otero et al 12 consider the decrease in the levels of sex hormones, the main cause of postmenopausal osteoporosis, to be one of the causative factors in balance problems experienced by women in the fifth and sixth decades of their life.
According to Liu-Ambrose et al 13 the underlying causes of instability in persons with osteoporosis are the fractures and distortions of the decalcified vertebrae, which account for the reshaping of the spine curvature and deformed body geometrics, consequently impacting overall balance of the forces that affect individual segments of the body. Furthermore, they also affect the progression of degenerative changes and account for their painfulness, which aggravate postural balance problems still further. In line with the findings of Naessen et al, 11 menopausal symptoms caused by vasomotor disorders also adversely affect the ability to maintain balance. Ishikawa et al 14 attribute instability to the changes in posture caused by deformed vertebrae and muscle weakness. Campbell et al, 15 Frontera et al 16 and Cooper et al 17 emphasize that in older women decreased muscle strength, reaches its critical level earlier than in men; this subsequently translating into relatively faster degradation of proprioception, and, consequently, deterioration of postural balance. Menant et al 18 and Cronin et al, 19 on the other hand, attribute proprioceptive dysfunction in women to wearing less comfortable shoes, which are often too narrow, stiff, and high-heeled, in a group of subjects aged between 75 and 84 years.
Kado et al 20 and Takahashi et al 21 emphasize the differences in male and female posture. The authors claim the exacerbation of kyphosis with age to be a more common problem for women. According to some authors, changes in posture have a significant impact on the postural stability in the elderly. Sinaki et al 22 argue there is a greater likelihood of imbalance in the persons with exacerbated chest kyphosis that -when concurrent with an excessive tilt of the torso forward -causes the body's center of gravity (COG) to shift close to the front edge of the support plane.
Although steadily deteriorating precision of movements that ensure balance control is the result of natural involutionary processes that occur in both sexes, the question whether stability indicators differ significantly between women and men is yet to be conclusively answered. The present study aimed, therefore, to identify the gender-related differences in the selected indicators of balance observed in the subjects over the age of 60 years.
Findings yielded by our own research may well serve as a reference point for the evaluation and interpretation of the results of research into postural stability, as well as a good pointer with regard to mapping out preventive and therapeutic programs, including balance training in the elderly, primarily with a view to improving safety and overall quality of life in the elderly.
Methods
The study covered 136 free-living community dwellers aged 60-90 years. The subjects were randomly selected from among those who completed 60 years of age, were at a purpose-built, housing estate for the seniors, as well as were found fully compliant with the inclusion criteria for the study protocol. The following inclusion criteria were applied: age range of 60-90 years, dominating right hand and leg (determined on the basis of the Waterloo Handedness and Footedness Questionnaire -Revised that facilitates walking without any orthopedic aids (canes, crutches, and walkers), ability to assume a standing position on the stabilographic platform without any assistance, and a written informed consent to participate in the study. Victims of any cerebral accidents, persons with hemiplegia, parkinsonism and those on medications that might affect balance, were duly excluded from the study.
Three age groups were considered. x -=85.54±3.80 years). Stabilographic measurements were taken using the CQStab 2P 2-platform posturograph (CQ Electronic System). The device allowed simultaneous recording of the vertical center of pressure position of the forces affecting each foot. Data from 6 sensors (3 in each platform) were recorded. Sampling totaled 200 Hz per sensor. The platforms were leveled, their surfaces aligned within a single plane. All study subjects were furnished with detailed information on the aims and methods to be used throughout the study protocol. The study protocol featured two 30-second successive tests. After getting onto the platform, a person assumed a natural standing position (a quiet stance), with the upper limbs hanging along the body. The stance width and foot angle were natural, each foot resting on a separate panel of the platform.
The first test consisted of measuring the body's stability with the eyes wide open. The subject stood still, trying to maintain visual focus on the point of reference placed in front of him, at a distance of 1 meter, at eye level. The proper measurement was preceded by a 30-second "training" stint to stabilize the balance, and then the test readings were recorded. Subsequently, the second test was conducted, while the subject had his eyes closed (ie, had no visual control over the positioning of his body).
During the tests, the investigator was always positioned behind the subject.
The motion signal, as generated by the point of application of the resultant pressure force exerted by the feet directly onto the platform plates, duly registered in the computer memory, was then used to calculate the values of the stability indicators. The names of the displacement directions of the center of foot pressure (COP) were referred to the Cartesian coordinate system, as made up by the pairs of perpendicular axes. The X-axis was the axis of the abscissae, and the Y-axis -of the ordinate, whereas the point O (coordinates 0.0) that is, the origin of the system of coordinates was the so-called "geometric COG of the COP trajectory".
The following indicators of stability were assessed: somatic characteristics of the study subjects are presented in Table 1 .
In order to ensure overall integrity of the research process, all tests were carried out in the morning, using the same measuring instruments operated by the authors. The measurements were carried out in a gym, in the conditions facilitating elimination of any acoustic stimuli that might have interfered with postural reflexes during the study. The seniors were barefooted, dressed in sportswear.
Consistency of the values characterized by a normal distribution was verified using the Shapiro-Wilk test. Parametric Student's t-test for independent samples was applied to analyze the data with normal distribution, while the non-parametric Mann-Whitney U-test was used due to the non-compliance with the timetable of a normal distribution. The results were considered statistically significant, if the probability level of the test was lower than the predetermined significance level p,0.05. The Stat Soft STATISTICA application (version 10.0) was used to process the test results.
ethics approval and informed consent
The study protocol was approved by the Bioethics Review Committee, University of Rzeszow (Approval Ref No 11/02/2013). All procedures were carried out in full compliance with the Declaration of Helsinki. All study participants gave their written informed consent to participate in the study protocol.
Results
The data presented in Table 2 indicate that, in the open-eye test, the mean values of COP displacement in men were higher. However, statistically significant sex-related differences were observed in the case of the ML statokinesiogram path (SPML) -in the 60-69 years age group ( p=0.004), the mean frequency of COP displacements ( p=0.028) and their number in the ML direction ( p=0.019) -in the 70-79 years age group, and the mean number of COP displacements in the AP direction -in 80-90 years olds ( p=0.026).
The data in Table 3 reveal that -when the subjects were deprived of visual control -the mean values of indicators pertaining to COP displacements were higher for men than for women. Statistically significant gender-related differences in the 60-69 years age group were observed in terms of the mean frequency of COP displacements ( p=0.045) and the number of COP displacements in the AP direction ( p=0.049). In men aged 70-79 years, the statokinesiogram path in the AP direction was significantly longer than for women in the same age range ( p=0.015). There were no statistically significant gender-related differences in the length of the statokinesiogram path in the ML direction. Most of the statistically significant gender-related differences were observed in the oldest age group. Men were characterized by higher values of the statokinesiogram path length in the AP direction ( p=0.001), COP surface area ( p=0.003), mean COP displacement in the AP direction ( p=0.001), range of AP stability ( p,0.001), and range of ML stability ( p=0.048).
Discussion
Numerous studies indicate an age-related decrease in the ability to maintain a stable standing position. It is commonly acknowledged that deteriorating stability manifests itself, inter alia, in longer paths and the speed of COP displacements. This is indubitably owed to progressive involutionary changes in the anatomical and functional structures of the balance system, as well as to overall decrease in coordination capacity.
Blaszczyk et al 28 indicates the 2 main causes of the worsening postural stability. First, the elderly are unable to estimate the optimum COP position as precisely as the young; second, the decrease in stability is due to increased COP oscillations resulting from the latency in receiving information about articular angles (mainly in the ankle joint). The author also takes due note of certain shifts in the seniors' postural strategies. The deficits of the vestibular system limit the use of the hip strategy, while the somatosensory limitations increase its significance.
At this point, it is worth considering whether involutionary changes in balance control affect women and men in equal terms. In order to improve overall safety and quality of life in this population group, it is essential to appreciate the key properties of the balance system.
Opinions ventured by different authors on the effect of sexual dimorphism on the balance control process are discrepant. Riva et al 29 found the sex-related differences in 
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Puszczalowska-lizis et al stability index (SI) values measured both with and without visual control. Women had significantly poorer balance than men. However, there were no such differences in a younger age category that they also investigated (65-74 years). The authors attribute the greater deterioration of single-stance stability in older women predominantly to more accentuated proprioceptive decay. Kim et al 30 observed a clear deterioration in SIs (increased COP displacement velocity and overall reaction force) in seniors, especially along the ML direction, with marked gender-related differences. On the other hand, in their studies of men and women aged 20-70 years, Røgind et al 31 found no differences in postural stability between the sexes. The authors observed an age-related reduction of the use of ankle strategy, as the subjects' body weight increased. Hue et al 32 reported a statistically significant negative correlation between body weight and stability indicators, which they attributed to the reduced sensitivity of kinesthetic and tactile receptors in overweight individuals.
Gender-related differences in the values of stability indicators were also observed by Skalska et al 24 and Stemplewski et al. 33 The authors found a significantly longer stabilogram path and an increase in the rate of corrective responses in the AP direction in men under conditions involving the use of foam pads. Blaszczyk et al 28 observed the correlation between the 
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Puszczalowska-lizis et al speed of COP displacements along the AP direction with the frequency of falls among the elderly. The authors also noted the increase in lower limb performance asymmetry related to an increase in stabilogram path length, which they believed was an adaptation to less stable conditions.
In the present study, the mean values of stabilogram indicators observed for men were higher than those measured for women in the corresponding age groups. This is due to the fact that men are characterized by a lower level of postural stability when compared with women. Changing the test conditions by way of limiting input visual information resulted in an increase in the stabilogram values observed for both sexes, with the statistically significant differences noted in the most advanced age groups. In men, a longer path of the statokinesiogram in the AP direction and higher values of average COP displacements in the AP direction were found. These differences may stem from the distinct postural strategies adopted by men and women in response to the deterioration of the mechanisms of body regulation and control associated with aging.
An increased rate of the so-called "swaying", as observed in men during a quiet stance, may well be correlated with respective values of the somatic features. Men were characterized by significantly higher values of body height, and thus higher positioning of COG in relation to the plane of support. Comparison of the mechanism of balance control to an inverted pendulum, whereby the main axis of rotation is provided by the ankle joint, gives grounds to conclude that the higher the COG is positioned, the harder it is to have it effectively stabilized, hence greater problems in balance control are encountered in men. The study of Bryant et al, 34 which reveals a lack of variation in the extent of swaying in both sexes, following the necessary data adjustment for height, gives extra credence to this particular course of reasoning.
Blaszczyk et al 28 highlighted that increased postural tilts in the standing position may be aggravated in view of the progressive neuromuscular impairment, which results in the increased activity thresholds of the sensory systems in the elderly, as well as in the increased, uncontrolled muscle stimulation. Juxtaposing these observations against our own results, it may well be assumed that men are more susceptible to the degradation of somatosensory systems within the foot and ankle joint, as well as manifest a greater tendency toward joint stiffness and muscle involution.
The potential causes of differences in balance control may also be looked upon in terms of the surface of the support plane. Assuming that men have larger feet, and hence a larger support plane, it follows that they should be able to cope much better with greater COP variability. Our previous study showed, however, that only in the case of women, longer and wider feet provided better stability. In turn, in men, the length and width of the feet were not the predictive variables for the stability indicators, whereas the deformations of the feet, for example, the lowered longitudinal arch and hallux valgus, were found to actually affect stability. 35 The results yielded by the present study reveal that the gender-related differences in automated postural responses do occur. It might then be concluded that the consequences of aging in relation to postural stability may differ between men and women. Under the conditions involving destabilization, especially in the face of progressive muscle failure, men are found to be more prone to a loss of balance. The results yielded by our study indicate the need to have the gender-related differences taken into account, when developing various preventive and therapeutic programs, as well as mapping out further research into the subject. It is also an essential conceptual premise to be borne in mind when giving specific advice on enhancing postural balance, as well as on structuring postural and proprioceptive reeducation programs in seniors. Especially in the case of men, physical rehabilitation programs should comprise the exercises aimed at preventing degradation of somatosensory systems within the foot and ankle joint, as well as joint stiffness and muscle involution. Training should, therefore, make use of both static exercises and dynamic tasks that reduce the support plane by changing the foot position. Exercises on unstable platforms and movement tasks with a visual control of body positioning withheld are also of major significance. The recommendations, as presently outlined, seem to hold appreciable potential in terms of improving postural balance and overall functional capacity in the elderly.
The results yielded by our own research do not provide sufficient grounds, however, to make any inferences on the actual causes of gender-related differences in postural stability. Nevertheless, they do offer a certain promising input that might inspire further research into the trends observed to date. In the authors' view, any such continuing research should best be focused on identifying the specific factors and mechanisms that interfere with postural balance control in elderly women and men.
study limitations
The way the subjects were admitted into the study, pursued in line with the adopted inclusion criteria, on the one hand, allowed homogeneity within a group to be ensured, fully corresponding to pertinent characteristics of a seniors' population, while on the other, resulted in reducing the number of potential recruits, which might well be regarded as a study limitation.
Conclusion
Gender-related differences affecting postural stability were found in the elderly. Men were characterized by a lower level of postural stability when compared with women. This highlights the need to have the gender-related differences taken into account, when developing various preventive and therapeutic programs specifically aimed at compensating certain involution-dependent deficits. Arguably, specific results yielded by the present study are encouraging enough to warrant further research endeavors into the subject matter.
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